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Abstract: We present the definitions of “paradox” earthquakes and seismic sources. We further
investigate some recent scientific explanations of the strange seismic events and sources. The time interval
considered covers from ancient to recent seismic events around the globe.
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Knroyosu OYMU.' napaOOKcanHu 3emMempeceHusd, 8b3MOXXHU Hay4HU 0b6sicHeHus1

Pesrome: [adeHa e OegpuHuyusi Ha ,napadokcanHu” 3emempeceHus u napadokcanHu CeusMUyYyHU
oeHuwa. lNMombpceHu ca HayyHU ObBSICHeHUsi 3a ,cmpaHHocmume” Ha me3u 3eMempeceHusl U CeusMuyHu
usmoyHuyu. PazanedaHu ca peduya ceemosHu, HeobuyalHu ceusmMuyHU sierieHus om dpesHocmma 0o OHec.

Introduction

There are many “paradox” earthquakes and seismic sources located on the Earth. To be clearer what
we mean by “paradox”, we classified them by the following DEFINITION:
Earthquakes with the following characteristics:
- Their observed effects can not be clearly modeled by recent seismological knowledge and
practice
or
- Show peculiarities, which are not common for the dominant number of earthquakes
or
- Are located in not easily explainable locations
or
- Generate most extreme and some time curios effects, demonstrated and/or observed for the
first time.

DEFINITION of “paradox seismic sources”.
Sources which:

- Generate “paradox” earthquakes

- Have unusual peculiarities which are not common for the global seismic sources
Or in more general — strange earthquakes and seismic sources are those with unusual location,
strange properties, which demonstrate effects observed for the first time and have curios
characteristics.
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The goal of this paper is to give a lot of examples of strange earthquakes and seismic sources in the
Earth’s interior and to try to offer possible scientific explanations of their uniqueness.

Historical events and descriptions

Lisbon, (Portugal) 1755. (M>8.0 occurred 1°* November 1755, more then 30 000 victims from the
quake and the following tsunami).

Unique peculiarities:

- unusual location

- unknown source

- huge tsunami generated (10-12 m)
- no model fits the observations

Illustrations:
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Fig. 1. Lisbon earthquake 1755 — historical pictures

Possible explanations — not all details of the epicenter’s location and the tsunami generation have yet
been discovered. There are suggestions about underwater slides (turbidities) generated by the strong
earthquake.

Mississippi (New Madrid) great earthquakes, US 1811-1812.

A sequence of extremely strong (M7.8-8.6) earthquakes changing the land elevation more then 20
meters in some places — fig.2. Tsunami generated in the Mississippi river. New Madrid and St.Louis
were strongly affected. (Historic Earthquakes, 2011)

Unique peculiarities:

- unusual location

- tsunami generation in the river
- huge land elevation’s

- no tectonic explanation

lllustrations:

Fig. 2. Drawing of the Mississippi earthquake and land elevation on the Earth’s surface (red spot)
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Possible explanations — there are 2 hypotheses about the tectonic position of these huge seismic
events:

- activation of very old seismic active faults (less probable)

- mantle flow under the New Madrid area (more probable)

Mantle Flow Below the New Madrid Seismic Zone
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Fig. 3. New Madrid seismic zone and possible models: a) ancient faults; b) mantle flows (GRL, 2007)

Assam (India) 1897 - M8.3 on June 12.

Unigue peculiarities:
- maximum observed macroseisnmic intensity — up to Xll (land elevation changes up to 200
meters)
- fault slip about 18 m
- relatively low mortality rate

Illustrations:

Fig. 4. Surface effects of Assam earthquake
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Possible explanations about the high paleoseismal intensity and land elevation/subsidence changes —
soft soil conditions and activated landslides

More recent paradox seismic events
Messina, (Italy) 1908 December 28, M7.5

Unique peculiarities:
- devastating tsunami generated
- very high mortality rate (about 25-30 000 deaths — the most deadly modern European
earthquake with tsunami)
- high intensity concentration of macroseismals observed at the epicenter area

Illustrations:

Fig. 5. Messina earthquake 1908 - macroseismic map and picture of destructions

Possible explanation:
No seismotectonic model fits the observations. New and detailed investigations are necessary.

Lituya Bay (Alaska), 1958 9" of July, 1958 M7.9

Unique peculiarities:
- the highest tsunami observed ever in the globe history — 525 meters
- difficulties for tsunami generation by such an earthquake
- splashed water by the landslide
- difficulties to explain so huge tsunami generation of relatively not extremely strong earthquake
- deficit of sediments by landslide to produce so huge tsunami

Illustrations:

Fig. 6. Lituya bay — aerial view — the cleaned hill slope by the tsunami is visible at the back side.
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Possible explanation:
Considering the glacier sliding block together with the landslide — done by Ward S. & Day S. 2010.
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Fig. 7. Two models — a) on the left and b) on the right - modeling the generation of the highest tsunami wave
in the global history (525 m.) — according (Ward S. & Day S. 2010)

Chile (1960, 22" May M9.4-9.6) and Alaska (1964, 27" March M9.3) earthquakes

Unique peculiarities:
- the strongest ever recorded events

Possible explanations:
Generated in the areas of active subduction

Sakhalin (Neftegorsk) earthquake, 1995 M7.0
shallow under the city of Neftgorsk seismic event
- unexpected place, not considered by the seismic zoning maps of Russia
- not special rescue works done
- The total collapse of the city.
- No rescue and recovery works considered effective.

Illustrations:

Possible explanation:
More critical review is needed.
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Fig. 8. Heavy damages by the Neftegorsk earthquake

Sumatra, 2004. 26" December M9.1

Unique peculiarities:
- the unexpected, most powerful seismic event in the Indian ocean
- the hugest tsunami generated — more then 30 meters observed in some places
- the very long underwater rupture observed (more than 1200 km.
- extremely high mortality rate — 3 continents, 8 countries and more then 1 200 inhabitants
affected
- more then 300 000 deaths reported — the deadliest disaster in the recent human history

lllustrations:

M9.0 Sumatra - Andaman [slands Earthquake of
26 December 2004
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Fig. 9. The Sumatra 2004 earthquake source zone (left) and the tsunami travel times (right) all over the world

Possible explanations:
- subduction zone generation
- underwater slides reported
- first time huge GPS displacements reported

Indian Ocean strike-slip strong earthquakes, 2012 - 11" April M8.6 (8.38UTC) and M8.1
(10.43UTC)

Unique peculiarities:
- unexpected location
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- short time interval between the main shocks
- strike-slip mechanisms
- specific space distribution of the aftershocks

Illustrations:
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Fig. 10. The strike-slip earthquakes of 11" April, 2012 (red and white circles) and their aftershocks positions (blue
and cyan ellipses). The unusual position (red polygon) suggests the new tectonic boundary formation.

Possible explanations:
- Formation of a new recent tectonic boundary, meaning new tectonic phase..
- Needs long time observations for confirmation.
- This hypothesis is presented for the fist time in the Earth’s science history.
Chile, 2010, (M8.8) on 27" February 2010, M8.8
Unique peculiarities:
- for the fist time GPS displacements are observed over the whole continent (South part of the

South America

Illustrations:

Fig. 11. The strong earthquake zourse zone (600x100x50 km.) and the displacements of the part of South
America continent due to the Chile earthquake (27th Feb., 2010) and the GPS measured displacements
(red arrows).
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Possible explanations:

GPS nonlinear displacements have been observed. This means that the rebound effect has
been observed with a very large displacements over huge part of a continent

If such events are registered now, there must be such effects observed in the past and the
task of the contemporary geology is to discover these past effects.

Japan, 2011, 11" March, 2011, M9.0

Unigue peculiarities:

For first time the seismic zoning of Japan was shown to be wrong. In some places the
observed seismic acceleration reached about 10 times higher value that is predicted by the
seismic zoning map of Japan.

For first time the seismic (SEWS) and tsunami (TEWS) early warning systems acted
simultaneously, saving the lives of many, many people.

For first time the world media disseminated information about tsunami inundation in real time
For first time the movements (displacements) of big islands was documented in details by
GPS measurements — fig. 12.

For fist time the NPP catastrophe was triggered by earthquake and tsunami.

For first time the tsunami heights reached about 22 meters in some places including the
higher level overlapping the protective tsunami wall in front of Fukushima NPP

For the first time the dense GPS network show the displacements of the whole country

Illustrations:
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Fig. 12. Consequences by the Japan, 2011, M9 earthquake

Possible explanations

triple point junction of the three continental plates merging in that area.
the scientists apologized to the people and specialists that they did not expect so huge event.
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virginia earthquake, US, 2011, 23" August, M5.9
Unique peculiarities:

- The quake occurred in a fault system (fig.13 a) located in Proterozoic and Paleozoic rocks (fig.
13 b) — with age of more then 500 million years.

- The time distribution of the maximum shaking movements has strong peculiarities, related to
the modification and delay in several seconds that the standard model predicts. The highest
anomalies are located north and south of the epicenter — fig 14 a) and the aftershocks are
positioned perpendicularly to the direction of the main fault system, which is unusual — fig.14
b).

- The fault movement generated by the quake was characterized as trust event. In such case,
with the determined depth of the hypocenter, such magnitude has to create surface rupture.
Such rupture was not detected.
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Fig. 14. The maximum shaking time distribution — a) and the aftershocks locations
of the M5.9 Virginia earthquake — b)

Possible explanations:
There are 2 hypotheses about the Virginia earthquake|
- The first one is related to the heavy rain origin of the quake. According the seismologist Betim
Muco’s idea, the heavy rains put into the Earth’s interior enough water to 5-6 km depth, which
generated the sliding effect on the fault in 45° dipping. Another evidence of this hypothesis is
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that the most distant landslide occurred due to the quake was detected at 250 km far from the
epicenter. This is a world record for such size of events.

- The second hypothesis about the origin of the Virginia earthquake of 2011 is related to the
idea of the detachment of some parts of the Earth’s crust to higher depths in the mantle. Such
effects are considered to occur at depths more than 50-60 km.

- In both hypotheses contradictory elements can be found.

Fig. 15. Consequences of the M5.9 earthquake in Virginia

Sea of Okhotsk deepest and strongest earthquake, 2013, May 24, M8.3

Unique peculiarities:

- "It's a mystery how these earthquakes happen. How can rock slide against rock so fast, while
squeezed by the pressure from 610 kilometers of overlying rock?" said prof. Thorne Lay, at
the University of California. It is still unexplainable, how these deep earthquakes (more than
610 km) can happen.”

Illustrations:
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a) b)
Fig. 16. Sketch of the earthquakes mechanism - a); the deep profile of the subduction zone — b).
(https://en.wikipedia.org/wiki/2013_Okhotsk_Sea_earthquake)

Possible explanation:
Some researchers explain with the destruction of the crust material at such depths. Others
consider phase transitions of the elementary content of the deep Earth’s interior
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Nepal, 2015, 25" April, M7.8 and 12" May, M7.3

Unique peculiarities:

- both shocks occurred in the same geodynamic environment — the collision of the Indian
subplate with the Asia main plate.

- the geodynamic environment is pure compression and this is proved by the mechanisms of
the shocks

- the second shock (as the main aftershock) shows typical for the strike-slip events,
macroseismic elongated field, which is very strange in the compression geodynamic regime

Birgan|

Bharan

Fig. 17. Macroseismic fields of the strongest Nepal seismic events — 25" April (M7.8) and 12" May (M7.3), 2015.

The comparison shows completely different seismic energy emission. The isometric one is for the first shock and

elongated one — for the second event. This can explain easily the lower damages generated by the second shock.

The all aftershocks location outline pretty well the seismic source area of the seismic activated region — in general
elongated in NW-SE direction (http://earthquake.usgs.gov/earthquakes/.)

Possible explanation:
It is rather unusual to have so different macroseismic fields of both shocks. The first one demonstrated
typical trust type event, but the second one is exceptional.

Paradox seismic sources:
Vrancea seismic zone

Unigue peculiarities:
- Very sharp seismogenic layer at depths of 90 to 160 km.
- Very frequent strong earthquakes
- Unusual generating mechanism of the intermediate earthquakes
- Very specific energy emission confirmed by the macroseismic field
- there is not unified model which can explain all mentioned peculiarities.
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Illustrations:

Mon Feb 22 11:26:04 2018

b)

Fig. 18. Surface 2D projection of the GPS modeled the spiral structure of the Vrancea source — a) and 3D model
of the velocity structure around the Vrancea earthquakes (white dots) — b). (Schmitt G., et al., 2007; E. OnHakos,

Possible explanation:

Two main hypotheses (both have internal contradictions):

B. PaHrenos., 2016).

- this is a slab component remaining of an ancient subduction zone
- this is a part of the Earth’s crust entering the interior of the globe not very far in the past

geological times in a way of the turbulence theory application

Hindu Kush seismic zone

Unique peculiarities:

- relatively small area of concentration of large earthquakes
- Very frequent strong earthquakes
- far from any big continental collision and fault structures.

- Unusual generating mechanism of the earthquakes and the seismogenic layer is like pyramid

turned down with its top

- The seismic source produces very strong earthquakes on the whole range of depths — starting

from earth’s surface, down to 300 km

- there is not unified model which can explain all mentioned peculiarities.

Illustrations
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Fig. 19. The Hindukush seismic source — location and seismic events depths distribution (web: CSEM-EMSC)



Possible explanation:
Looks like triple junction of subduction areas, but without any other similarities.

Gibraltar seismic zone

Unique peculiarities:
- shallow and very deep earthquakes in a narrow zone

Illustrations:
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Fig. 20. “Gibraltar source” — deepest seismic events in Europe occurred at depths even more then 600 km
(CSEM-EMSC).

Possible explanation:
Probably remains of an ancient subduction zone.

Conclusion

A collection of strange, unusual — called “paradox” earthquakes — has been presented. The aim of the
work is to attract the attention of the specialists and non-specialists to the great variety of cases the
mother Earth can generate.

References:

1. Geophysical Research Letters. (2007). No3 - cover page

2. Gurov, R., Ranguelov B. (2007) The corkscrew theory — a new mechanism of the solid Earth geodynamics, in
“Rotational processes in geology and physics” (Ed. Milanovsky), URSS, pp. 411-431. Moscow.

3. Historic Earthquakes. (2011). New Madrid Earthquakes 1811-1812 USGS Archived 14 May 2011 at WebCite
https://1811%E2%80%9312_New_Madrid_earthquakes

4. Johnston, A. C. & Schweig, E. S. (2006). The Enigma of the New Madrid Earthquakes of 1811-1812. Annual
Review of Earth and Planetary Sciences, Volume 24, pp. 339-384. Available on SAO/NASA
Astrophysics Data System (ADS)

5. LaTouche, T. H. D., (1917) A Bibliography of Indian Geology and Physical Geography, Geological Survey of
India, Calcutta pp.571.

6. Martin, M., Wenzel F. and the CALIXTO working group. (2006). High-resolution teleseismic body wave
tomography beneath SE-Romania — Il. Imaging of a slab detachment scenario., Geophys. J. Int. (2006)
164, pp. 579-595

7. Ranguelov, B.; Gospodinov, D., (1994). Seismic activity after the earthquake of 31 March, 1901 in the Shabla-
Kaliakra zone. Bulgarian Geophysical Journal. pp. 44—49.

8. Ranguelov, B., (2010a). Continental movements due to the strong earthquakes. Ecological Engineering and
Environment Protection., vol.3-4, pp. 86-91.

9. Ranguelov, B., (2010b). The great subduction earthquakes — Chile (Mw8.8, 2010) and Sumatra (Mw9.1, 2004)
sources of the continental plate movements. Proc. 6-th NATIONAL GEOPHYSICAL CONFERENCE.
Sofia, 17" Dec. 2010., 4pp. (on CD).

283


http://earthquake.usgs.gov/earthquakes/states/events/1811-1812.php
http://www.webcitation.org/5yg4d7WgA
https://en.wikipedia.org/wiki/WebCite
http://adsabs.harvard.edu/full/1996AREPS..24..339J

10. Ranguelov, B. (2010c). The seismological potential of the subduction zones — the two great earthquakes:
CHILE (Mw8.8, 2010) AND SUMATRA (Mw9.1, 2004) — indicators about sudden plate movements. Ann.
of M&G University, Vol. 53, Part |, Geology and Geophysics., p. 201-206

11. Ranguelov, B., 2011. Tsunamigenic potential and GPS movements of the great subduction earthquakes., C6.
MonynsipHn n Hay4Hu gokn.-OHn Ha dwmsmkata, 2011, TY-Codoms, 13-16 Anpun, c. 149-153

12. Ranguelov, B., et al., (2016). The Nepal Earthquakes, 2015 — geography specifics (secondary effects,
damages, resilience) of the destructive seismic events. Proc “GEOMED 2016 - The 4th International
Geography Symposium”, Kemer, 22-26 June, 2016, Turkey.

13. WARD ST. and DAY S. (2010). THE 1958 LITUYA BAY LANDSLIDE AND TSUNAMI — A TSUNAMI BALL
APPROACH. Journal of Earthquake and Tsunami, Vol. 4, No. 4 (2010) , pp. 285-319

14. OwHakoB, E., B. Panrenos., (2016). MWKPOCEM3MWYHO COHOMPAHE - ceu3amoreHHa 3aHa BpaHua., CO.
MonynsipHn n Hay4Hu gokn.-OHn Ha dmsmkarta, 2011, TY-Codoms, 19-21 Anpun, c. 149-153

15. PaHrenos, b., (2012). PasrHeBeHaTa 3emsi — npupogHute 6eacteuns., nsa.6AH, C., 294 c.
16. Paxrenos, b., (2008). TypbyneHTHaTa Teopusi — eAnH HOB Nornes KbM HecrnokoHata 3emsi., B kKH. 3emsita —
HecrnokonHaTa nnaHeTta (Pea. A.KyHoB), usa. BI-MpuHT., c. 608-615. ISBN 978-954-9325-54-6
17.PaHrenos, b., (2010). [luraHTCkMTE CEM3MUYHWM KaTacTpodn — 3emMeTpeceHus, MUTOBe, 3aragku wu
gencrteuTenHoct., MnHHO geno v reonorus, 6p. 5-6, c. 27-31.

18. Panrenos, b., Cnacos E., (2012). CUJTHN OTCEOHW 3EMETPECEHUA (M8.6 1 M8.1) OT 11.04.2012T. B
PAMOHA HA CYBOYKLMOHHATA 30HA KPAN CYMATPA HE FEHEPUPAT LIYHAMW?, Intl. Symp.
“Geodesy 2012", 8-9 November, 2012. Sofia. (on CD)

284



	Introduction

